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Load growth on a distribution system is a regular singularity. Owing to 
increase in load demand, the system experiences with increased power loss, 
cost of feeder energy loss, cost of supplied energy and deviation in system 
voltage. Distributed generation is one of the greatest solutions to make up 
with the load growth if they are allocated properly in the distribui ion system 
For this, a scheduled annual load growth up to five years is considered with 
voltage regulation as a constraint. The optimum size of DG is to be 
identified with Social Learning Particle Swarm Optimization (SLPSO). To 
investigate the effect of load growth on system, 3 3 -node standarci test case is 
considered. It is observed that with the dispersion of multiple numbers of 
DGs in distribution system, there is abundant improvement in several 
distribution system parameters. Moreover the loading capacity of distribution 
system isenlarged through DG placement. 



Copyright © 2015 International Journal of Latest Research in Engineer 

All 



r 



ri^ ht. 



ng &Science 
's reserved. 



SLPSO Based Approach for the Expansion of Loading Capacity of Distribution System by Considering Impacts of Load growth 



Page 34 



International Journal of Latest Research in Engineering and Science 

Volume 1 I Issue 1 I May 2015 



I. INTRODUCTION 

The regular progress of service area leads to fixed rise in 
energy demand on distribution system. Load progression 
on system results into mounting the present substation size. 
The Disco (Distribution Company) engineers are forced to 
examine extension planning through replacement such as 
Distributed Generation (DO) due to power system 
deregulation and ecofriendly concerns as well as industrial 
developments. Integration of distributed generation is an 
essential feature in distribution system in sight of loss 
reduction, reduction in operating costs and improvement in 
voltage profile. It was estimated that distribution systems 
cause a loss of about 5-13% of the total power generated 
[1]. The cost due to energy losses is a major part of 
electricity bill. Restructuring in power systems inspire the 
dispersion of more and more DO units at distribution level. 
Distributed generator or decentrahzed generator is a small 
power generator ranging from few kilowatts to few 
megawatts. It can be operated stand-alone or in parallel 
with distribution network but is not dispatchable by a 
central operator. To maximize its benefits, DGs must be of 
appropriate size, to be placed at the proper location and in 
appropriate number. Inappropriate capacity of DG may 
cause higher system power loss. This is because of the 
reverse power flows from larger DG units to the source 
which results into instability of the system. 

An algorithm [2] was developed for the connection of 
multiple DGs in distribution networks according to the 
type of consumer. The author has considered different type 
of DGs with various sizes and also considered diverse 
types of voltage dependent load over several years. A 
multi-objective approach to a distribution network 
planning process was proposed in [3]. It has considered 
DG placement for the planning of distribution network and 
to study the impact of the position and size of generation 
units on network losses and short circuit level. The 
algorithm used are multi objective evolutionary PSO, multi 
objective Tabu search and Genetic algorithm for DG sizing 
and location. In [4], a comprehensive planning model for 
distribution system is formulated which considers several 
objective function (economical, environmental, and 
technical). A multi-objective index based approach 
determining the size and location of multi distributed 
generation (multi-DG) units in distribution systems with 
different load model is introduced in [5]. The proposed 
multi objective function optimizes the short circuit level 
parameter to represent the protective device requirements 
with the help of particle swarm optimization (PSO). A 
multi objective optimization technique is proposed for the 
siting and sizing of renewable electricity generators [6]. 
The objective function consists of minimization of costs, 
emission and losses of distribution system and 
improvement of voltage profile. 

A Modified Teaching- Learning Based Optimization 



(MTLBO) algorithm is proposed in [7] to determine the 
optimal placement and size of distributed generation (DG) 
units in distribution systems to minimize real power losses. 
Combined Genetic algorithm (GA)/particle swarm 
optimization (PSO) is presented in [8] for optimal location 
and sizing of DG on distribution system to minimize 
power losses. These algorithms were developed for 
obtaining the optimal feeder path and the optimal location 
of substation on minimum loss criterion for distribution 
system planning in [9]. A simple search approach for 
determining optimal sizing and optimal placement of 
distributed generators using N-R method of load flow 
study is developed in [10] to reduce cost and losses. The 
ENS (energy not served) index is calculated for every 
section of the distribution network to allocate DG 
resources to improve network reliability, power quality 
and minimizing power losses in [11]. A new algorithm for 
distributed generator (DG) placement and sizing of 
distribution systems based on power stab Hty index (PSI) 
was proposed in [12] to visuahze the impact of DG on 
system losses, voltage profile and voltage stability. Mono 
and multi-objective approaches for electiical distribution 
network design problems, i.e., static expansion planning 
are solved using PSO in [13]. Incorporation of DG in 
distribution system planning problem is presented in [14] 
to minimize capital cost for network upgrading, operation 
and maintenance costs and cost of losses for handling the 
load growth for the planning horizon. In tiie present work, 
optimization algorithm is used to find out the DG size and 
site for supplying the load on the feeders w^ithout violating 
the voltage limits of the feeder. Here the ol)jective function 
is to minimize the active power loss. For this study a 
predetermined annual load growth is considered for five 
years. 

The main contribution of the work deals with the 
following issues with load growth: 

(1) Increase in loading capacity of the distribution 
system. 



(2) Impact of multiple number of DG with load 
growth in a distribution network on active power losses. 

(3) Impact of DG on voltage profile. 

(4) Impact of DG on voltage stability index. 

(5) Minimizing voltage deviation. 

In the following sections, impact of load growth on system 
parameters are presented in Section 2, mathematical 
formulation of problem is explained in Section 3, Section 4 
describes the load flow technique adopted. Social Learning 
Particle swarm optimization algorithm is illustrated in 
Section 5. System under study and outcome of this work is 
reported in Section 6. Conclusion of the paper is 
summarized in Section 7. 
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II. Impacts of load growth on system 

Due to the addition of new load, load on the feeder is 
increased. Because of these the system experiences, 
Increase in power loss. 
Deviation in system voltage. 
Minimization of voltage stability index. 

This results into instabihty of the system. The impact of 
load growth on various parameters such as active and 
reactive power demand, active power loss, voltage stabihty 
index and voltage deviation are presented. 

A. Effect of load growth on active and reactive power 
demand 

The active and reactive power demand with with load 
growth at any year k is given by [15] 



PL (k) = PL (0) (1 + growth 
QL (k) = QL (0) (1 + growth 



(1) 
(2) 



Where PL(0 -Real power load in the base year, QL(0) - 
Reactive power load in the base year, PL(k) - Real power 
load in the k year, QL(k) - Reactive power load in the k 
year, Growth - annual load growth rate = 7.5%. In this 
paper load is considered as constant power load. 

B. Effect of load growth on active power loss 
Active power loss [15] at any year k is given by 

£D£a;p(fe),,.tffc^^fj^=£DfE/:p(0)(l + grow thy''' (3) 
Where, i:Di:QJp(0] - Real power loss in the base year, 
^:□^:a^p(fc)^^.ifl^;o^f^^ - Real power loss in the year k without 
a DG unit. In this work the value adapted for the oc is 2.15. 

C. Effect of load growth on active power loss 

The power flow based formula [17] is used for the 

calculation of voltage stability index. 

The voltage sta bility index at node ml is calculated as: 

QcT^3^c/;^}l^c^i3r' (4) 

Condition for stable operation of the radial distribution 
network \^VSI^^2^^^-> for m2=2, 3,...NB. The node 
where K5/^^2) is found to be minimum is the most 
sensitive to voltage collapse. 

D. Deviation in the bus voltage 

Bus voltage is one of the most significant security and 
power quality indices. The variation in voltage magnitude 
result into poor performance of electrical system. The 
voltage deviation can be described as follows: 



Where,t^i - Voltage at i* bus, l^f^if^^-Rated voltage of the 
system = 1.0 p.u. 

In this work, voltage regulation is considered as a 
constraint for the load growth. Table. 1 shows the effect of 
load growth on different system parameters. From Table. 1 
it is clear that in second year onwards voltage limit is 
violating which is below the minimum permissible limit. 
This problem arises due to load growth. It is clear from 
Figure. 1 that due to load growth voltage magnitude at each 
node gradually decreases with the number of years. 
Similarly from Figure. 2, it is observed that the minimum 
voltage stability index reduces with load growth. This 
needs serious attention for the power system planning 
engineers. 

Table. 1 Effect of load growth on different parameters of the 
system 



Base Yearl Year2 Year3 
case 



Active 3.715 3.994 4.293 4.615 
load (MW) 

Reactive 2.300 2.473 2.658 2.857 
load(MVAr) 

0.879 

Vnnn(p.u) 0.904 0.897 0.888 

1.797 1.943 2.104 2.278 

Voltage 
deviation 

0.671 0.648 0.624 0.598 
VSI(p. u) 



Year4 Year5 



4.961 5.333 

3.072 3.302 

0.868 0.857 

2.470 2.680 

0.571 0.542 




Figure. 1 Effect of load growth on voltage profile of the system 



- ^1=1 



rcifea 



(5) 
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15 20 
Node number 



Figure.2 Effect of load growth on voltage stability index 

III. Problem Formulation 

The objective function for DG placement is loss 
minimization. In this paper optimal placement and size of 
multiple DGs are computed to solve the problem that 
arises due to load growth on several system factors. 

The optimum capacity of DG is considered as the 
optimum real power compensation. The optimum size of 
DG for bus i, can be found with the help of (6) 

Pi = CPdgl-Pc (6) 

The objective function to be minimized as: 
Minimize total real power 

losses- 2j"=iLi^j =2|i=lljj. (7) 

Subject to: 

Equality constraint: 
Power balance equation 



calculated based on the voltages of the preceding iteration. 
The voltage drop is calculated in each branch. The currents 
and voltages are updated in each iteration cycle until 
stopping criterion is reached. The iteration cycle will stop 
if the difference in previous voltage value and new voltage 
value (0.0001) is reached. 

V. Social learning particle swarm optimization 

Social learning plays an important role in behavior 
learning among social animals [24] In contrast to 
individual (asocial) learning, social learning has the 
advantage of allowing individuals to learn behaviors from 
others without incurring the costs of individual trials -and- 
errors. 

Unlike classical PSO variants where the particles are 
updated based on historical information, including the best 
solution found by the whole swarm (global best) and the 
best solution found by each particle (personal best), each 
particle in the proposed SL-PSO learns 
particles (termed demonstrators) in the cilrrent swarm. In 
addition, to ease the burden of parameter settings, the 
proposed SL-PSO adopts a dimension-dependent 
parameter control method. 

Unlike most PSO variants, SL-PSO is berformed on a 
sorted swarm. Instead of learning from the historical best 
positions, the particles learn from any 
(demonstrators) in the current swarm. To 
of parameter setting, a dimension-depeijident parameter 
control strategy has been suggested in tt e proposed SL- 
PSO to enhance its robustness to the searci dimensionality 
(the number of decision variables) of the problem to be 
optimized. 

Inspired by social learning mechanism, 
learn the behaviors of different 
following 



X^/t + 1) 



better particles 
ease the burden 



an imitator will 
demonstrators in the 
manner: 



(0+i^Lj(£ + l)^/ A(£) </f 



otherwisg 



(10) 



P=-Pn 



Inequality constraint: 

Voltage constraint: Voltage magnitude at each 
node must lie within their permissible ranges to maintain 
power quality 

IV^""^" I < |VJ < |V/° (9) 
IV. Load flow analysis for a radial distribution 

SYSTEM 

A modest forward-backward algorithm that is based on 
basic circuit theory is used. The algorithm employs the 
Kirchhoff s voltage law and Kirchhoff s current law to 
discover voltage at each node and current at each branch. 
At the initialization step, a flat voltage profile is 
considered, i.e., V = 1.0 p.u at each node. A constant 
power load model is used in the analysis. The currents are 



Where - it) is the j-th dimension of particle i's behavior 

vector in generation t, with t E [1,2,3,4 m} and 

/ E [1,2,3,4 -n}; iX^j it + 1> is the behavior 

correction. Taking into account the fact that in a society, 
the motivation to learnfrom better individuals may vary 
from individual to individual (typically, better individuals 
are less willing to learn from others), we define a learning 
probability for each particle i. 

The particle i will learn (correct its behavior vector) only if 
a randomly generated probability 

Pi satisfies 0 < (£) < < l.In detail, AX^^ji^ + l)is 
generated as follows: 

AXi/t + 1] = (O-iSTijCc) +ir2 (£)./(,;(£) + (0. E. q^fe) 
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(11) 



In the above updating mechanisms inspired from social 
learning, the behavior correction AXi^jit + 1} consists of 
three components. The first component .AJ^^j^^^is the 
same as the inertia component in the canonical PSO, while 
the other two components are different. In the second 
component, instead of learning from pbest as done in the 
canonical PSO, particle i learns from any of its 
demonstrators. Specifically, the j-th element in the 
behavior vector of particle i, ilJ^^ j (d imitates Js^j^ j , 
which is the j-th element in the behavior vector of particle 
k (demonstrator of particle i). Note that i < k< m, and k is 
generated independently for each element j .Consequently, 
particle i may learn from different demonstrators in the 
current swarm. Since this component is inspired from the 
imitation behavior in natural social learning, it is denoted 
as imitation component. 

Likewise, particle i does not learn from gbest either; 
instead, it learns from the collective behavior of the whole 
swarm, i.e., the mean behavior of all particles in the 

_ _ ir=i^-{ 

current swarm, denoted by Xj(t), where Xjit}= — - — . 

Since this component induces a swarm-level conformity, it 
is denoted as the social influence component, and 
correspondingly, the control parameter is denoted as the 
social influence factor. For simplicity, the three control 
parameters in classical PSO (co, and^^:) have been 
replaced with three random coefficients rl(t), r2(t) and 
r3(t), which will be randomly generated within [0, 1] once 
the updating strategy is performed. 

The swarm size m be determined as a function of the 
search dimensionality in the following form: 



(12) 



function is used to smoothen the influence of — . In this 

work,a =0.5 has been used, n is the search dimensionahty 
of the algorithm. Searchdimensionality is varying from n < 
100 ton =2000. 

VI. Discussion and results 
To illustrate the number of DGs required for a typical 
system, standard test case is selected. For this work, 33- 
node radial distribution network [19] is selected for the 
study. 

For 33-node network [19], substation voltage=12.66kV, 
base MVA=100, total active power load=3625kW.The 
voltage limit is 0.90 p.u to 1.05 p.u 

The total number of required DG is dependent on the 
benefits associated with DG placement such as 
minimization of losses, improvement in voltage profile, 
improvement in stability. In this work DG is placed up to 
three locations and distribution system parameters are 
checked. The DG capacity plays an injiportant role to 
improve system performance. 

The optimum locations for DGs are selected randomly 
as bus no 17, 16, 14.They are given in Table.2. In this 
work, it is assumed that DGs are placed ir first year. With 
the increase in load, the DGs will be placed at same 
location in the subsequent year presented in Table.2. 

Table.2 Optimum location of DCs 



DG location 



Location (bus no) 



One 
Two 
Three 



17 

17,16 
17,16,14 



Where M is the base swarm size for Lhe SLPSO Lo work 
properly. Learning probability is defined by the following 
equation: 



L-L 



Where the radix component 1 — — indicates that the 

learning probability is inversely proportional to the particle 
index i in a sorted swarm, meaning that the higher the 
fitness of a particle is, the lower the learning probability 
will be. Meanwhile, the exponent component ccLog^^J 

indicate that the learning probability is inversely 
proportional to the search dimensionality, such that a better 
swarm diversity would be maintained for large-scale 
problems due to the reduced learning rate, and the a log(.) 



The following points are outcome of this work: 

A.. Reduction in active power loss vidth multiple DG 
with load growth: From Table. 3, it is clear that active 
power losses of 33-node network are gradually reduced 
compared to without DG case when multiple numbers of 
DGs are placed at three different optimal locations. The 
increases in percentage active power loss reduction are 
38%, 43% and 47% after single, two, three locations DG 
placement respectively. It is clear that if DGs are placed at 
three locations with small capacity, the effect on reduction 
in active power loss is considerable with load growth. 
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Table.3 Active power losses calculation with and 
without DG 



Year 




Active power loss (KW) 






Without 
DG 


1 DG 


2DG 


3DG 


Reduced 
loss (%) 


1 


234.066 


141.859 


137.835 


137.623 


41.20 


2 


262.129 


157.109 


149.891 


149.647 


42.91 


3 


294.973 


175.743 


163.991 


163.710 


44.50 


4 


333.459 


198.433 


180.485 


180.161 


45.97 


5 


378.614 


225.989 


199.785 


199.413 


47.33 



B. Improvement in voltage profile: Figure. 3 clearly 
shows significant improvement in voltage profile at each 
node for 3 3 -node network when multiple number of DGs 
are placed optimally in the distribution system. 

C. Improvement in voltage stability index: It is to be 
noted that minimum value of voltage stability index 
improves a lot compared to without DG case. Moreover, 
when multiple number of DGs are optimally placed, the 
minimum value of voltage stability index improves 
significantly, which is clear from the 3DG case presented 
in Figure. 4 with the increase in load growth. 




0.86 



— — Single location 
Two location 
« Three location 



10 



15 20 
Bus number 



25 



30 



Figure.3 Improvement in voltage profile after placing 
considering load growth in third-year 
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DGs 



Without DG 

— « Single location 

— ♦ — Two batbn 
— ■ - Three location 




15 20 
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Figure.4 Improvement in voltage stability index after placing 
DGs considering load growth in third year 
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VII. Conclusion 

In this work, the expansion of loadtn 
distribution system through DG placemen^ 
effect of load growth on distribution 
presented. To solve the problem 
distributed generators is placed at 
optimally. The optimal size of distribulted 
computed with the help of Social Learnin 
Optimization (SLPSO) algorithm, 
number of DG reduces active power loss 
system. Moreover there is progress in 
voltage stability index of the network 
numbers of optimal DG placements. 



system 
multipL 
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in 
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